Observational studies of ultra-diffuse galaxies (UDGs) represent a significant challenge because of their very low surface brightnesses. A feasible approach is to identify "future" UDGs when their stars are still young. Using data mining, we found 12 such low-mass spatially extended quiescent galaxies in the Coma and Abell 2147 clusters in the SDSS legacy galaxy sample and followed them up using a new high-throughput Binospec spectrograph at the 6.5m MMT. Several of them exhibit signs of the recently finished ram pressure stripping. Here we describe our data analysis approach that uses spectroscopic and photometric measurements with a dedicated set of stellar population models, which include realistic chemical enrichment and star formation histories. From our analysis we can precisely estimate stellar mass-to-light ratios and dark matter content of UDGs.
Introduction and Motivation
Ultra-diffuse galaxies have sizes comparable to the Milky Way and stellar masses only about 1% of it, hence their surface brightnesses stay below that of the night sky for ground-based observations. UDGs were first identified as a distinct galaxy type in the 1980s (Sandage & Binggeli 1984) and then re-discovered in mid-2010s with the Dragonfly telephoto array (van Dokkum et al. 2015) . Deep imaging of the Coma cluster with the 8m Subaru telescope expanded the original DragonFly sample of 47 UDGs to 854 galaxies (Koda et al. 2015; Yagi et al. 2016) .
Possible UDG formation channels include the supernovae feedback (Dekel & Silk 1986 ) and ram pressure stripping (Gunn & Gott 1972) in clusters (similar to dwarf elliptical galaxies) as well as early quenching of "underdeveloped" galaxies (Yozin & Bekki 2015) or strong star-formation driven outflows in dwarfs (Di Cintio et al. 2017) . Our understanding of UDGs is limited by the lack of observational data, because their low surface brightnesses make spectroscopic studies extremely challenging. Only a few UDGs have reliable measurements of kinematics and stellar population properties (e.g. Kadowaki et al. 2017; Ferré-Mateu et al. 2018; Ruiz-Lara et al. 2018; Chilingarian et al. 2019) . Rather than investing into expensive observational campaigns to probe extremely low surface brightnesses, one can potentially identify "future UDGs" while their stars are still young and the surface brightness is still high despite low stellar surface density. We selected 13 extended, blue (g−r < 0.55 mag) young (SSP age t < 1.5 Gyr) low-mass spatially extended galaxies with no current star formation from the Reference Catalog of Spectral Energy Distributions (http://rcsed.sai.msu.ru/; Chilingarian et al. 2017) . 10 of them reside in Coma cluster, 2 are in Abell 2147 and one has unconfirmed group membership. Four galaxies in Coma cluster exhibit comet-like tails, which evidence the recently finished ram pressure stripping. For 11 galaxies we obtained high signal-to-noise optical spectra along their major axes using the Binospec ) multiobject spectrograph operated at the 6.5-m MMT telescope.
Here we present a set of stellar population models which reproduce a scenario of a ram pressure induced starburst in a low-mass galaxy and subsequent gas stripping and star formation quenching. We then apply them to reconstruct star formation (SFH) and metal enrichment (MEH) histories of diffuse low-mass post-starburst galaxies using a combination of optical spectra and multi-wavelength spectral energy distributions (SEDs).
Stellar population models for ram pressure stripped galaxies
We model SFH/MEH assuming that a low-mass galaxy is formed in sparse environment at high redshift and evolves in isolation until it enters a cluster, where the intracluster medium first compresses the gas and boosts the star formation rate (SFR) and then becomes too high and strips the gas entirely ceasing the star formation. Since that moment a galaxy evolves passively. To model the chemical evolution, we exploit the "leaky box" approach for a constant SFR that includes self-enrichment by stellar evolution, gas loss via galactic winds proportional to the SFR and no infall, which is a reasonable assumption for a low-mass galaxy. Hence, each model corresponds to the SFH with three stages: constant SFR from the age of 13 billion years to the final starburst followed by a cutoff to zero. Our stellar population models are defined by 4 parameters: (i) the fraction of gas consumed into stars, (ii) the mass fraction of stars born in the ram pressure induced starburst %SSP, (iii) age of this starburst (the truncation age), and (iv) the outflow proportionality coefficient λ.
We use the instant recycling approximation from core-collapse SNe and delayed enrichment by SNe Ia following the formalism from Chilingarian & Asa'd (2018) . We treat Star formation histories of young UDGs 3 chemical evolution of iron and α-elements separately (we use Si as an α-proxy with well established yields) (2.1) including the delay time distribution of SN Ia (2.2):
( 2.2) here ψ(t) is the SFH; R is the return fraction of gas used for recycling; y X is a yield of the element X per generation of stars; C Ia is the normalization factor corresponding to one SN explosion per 500M formed stars; DT D(t) is the SN Ia time delay distribution; and m X is a yield of the element X from SN Ia. We use the Kroupa (2002) initial mass function, which yields the following parameters: R = 0.285; y Si = 8.5 · 10 −4 ; y F e = 5.6 · 10 −4 . Our models are calculated for λ=1.5, 2.5, 3.7, 5.1. The ISM self-enrichment during the final starburst is modeled by a short (no SN Ia contribution) period of constant (high) SFR, chosen to form a given input mass fraction of stars in a galaxy. For each model we solve the differential equations (2.1) using the 4th order Runge-Kutta method on a grid with two timesteps, a coarse one for the constant SFH period and a fine one for the final starburst (100 steps) to properly model the very rapid evolution of α-elements. We show an example of our modelling approach in Figure 1 .
Having obtained a 4-dimensional grid of solutions for SFH/MEH, for each of them we calculated two model spectra and a broad-band SEDs. We used simple stellar population grids computed with the population synthesis codes MILES (Vazdekis et al. 2015 , spectra at R=2300) and PEGASE.HR (Le Borgne et al. 2004 , spectra at R=10000 and broadband fluxes), which we co-added according to their weights in the SFH/MEH grid. MILES SSP models are available for [α/F e] = 0 and +0.4 dex, which we interpolated linearly according to the predicted values of [α/Fe]. At the end, we obtained a 4-dimensional grid of model spectra and SEDs, which we used in the subsequent data analysis.
SFH reconstruction from optical spectra and broad-band SEDs
We recover galaxy properties from pipeline reduced (Kansky et al. 2019) Binospec spectra degraded to the spectral resolution of MILES models and broad-band SEDs using a simultaneous spectrophotometric fitting with the NBursts+phot code (Chilingarian & Katkov 2012, see Figure 2 ). The use of broad-band fluxes allows us to break degeneracies between the four parameters of the model. We use photometric data in up-to 13 bands compiled from archives and our own observations that cover ultraviolet (GALEX FUV and NUV ), optical (SDSS/CFHT MegaPrime ugriz ), and near-infrared (CFHT WIRCAM J/Ks; MMT MMIRS J/Ks; Magellan FourStar JHKs; Spitzer IRAC 3.6/4.5 µm) domains. The photometric measurements are k-corrected (Chilingarian et al. 2010; Chilingarian & Zolotukhin 2012) . Spitzer IRAC bands are k-corrected assuming the Rayleigh-Jeans shape of a spectrum: K corr = −5 log(1 + z). Because of the code design, we minimize non-linearly over the two parameters (fraction of consumed gas and truncation age) and perform the χ 2 scanning over the remaining two (%SSP and λ).
Then we use the "classical" NBursts full spectrum fitting (Chilingarian et al. 2007 ) of full resolution Binospec data with PEGASE.HR based model grid to extract internal kinematics while fixing %SSP and λ to the values determined at the spectrophotometric fitting step. In this fashion, we determine accurate stellar mass-to-light ratios and internal kinematics, which we then use in dynamical models and estimate dark matter fractions in our galaxies, that is crucially important for understanding the UDG evolution.
